This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. levels proved to be associated with prognosis of patients with colorectal cancer or breast cancer, but its prognostic role in hematological malignancies was still unclear. A systematic review and meta-analysis was performed to comprehensively evaluate the association between serum 25(OH)D levels and prognosis of patients with hematological malignancies. Methods: We searched Pubmed, Embase, Web of Science, and Google Scholar for studies evaluating the association between serum 25(OH)D levels and prognosis of patients with hematological malignancies. The hazard ratios (HR) with 95% confidence intervals (95%CI) for overall survival (OS) or relapse-free survival (RFS) were pooled using meta-analysis. Results: Seven studies with a total of 2,643 patients with hematological cancer were finally included into the meta-analysis. Overall, compared with normal serum 25(OH)D levels, low serum 25(OH)D levels were significantly associated with both poorer OS (HR = 1.85, 95% CI 1.54-2.23, P <0.001) and poorer RFS (HR = 1.45, 95% CI 1.25 to 1.70, P <0.001) in hematological malignancies. Subgroup analysis further showed that low serum 25(OH)D levels were significantly associated with poorer OS and RFS in both lymphoma and leukemia. Conclusion: Low serum 25(OH)D levels are significantly associated with poorer prognosis in patients with hematological malignancies including lymphoma and leukemia.
Introduction
Hematological malignancies mainly include leukemia, lymphoma, and myeloma [1, 2] . There were about 140,000 new cases of hematological malignancies and 53,010 deaths due to hematological malignancies projected to occur in 2014 in USA [3] . There are many advances in the treatments of leukemia and lymphoma in recent years, but the overall survival for patients with leukemia or lymphoma has not been improved obviously [1, 2] . Identification of prognostic factors for leukemia or lymphoma is very helpful for clinicians to choose best therapeutic strategies for patients and improve their prognosis [2, 4] . In addition, identification of prognostic factors for leukemia or lymphoma is also helpful for us to get a better understanding of the pathogenesis of leukemia and lymphoma. However, there is lack of effective and popularized prognostic factors for hematological malignancies, and relevant researches are very necessary [2, 4] . Vitamin D is not really a vitamin but a multifunctional pro-hormone and has widespread actions in human bodies [5, 6] . The 25-hydroxyvitamin D [25(OH)D] is the circulating form of the hormone that is measured in the blood and clinically used to establish and monitor patients' vitamin D status [5] . Recent studies have demonstrated that 25(OH)D also has some effects on cell differentiation, proliferation, and apoptosis [5] . Serum 25(OH)D levels proved to be associated with prognosis of patients with colorectal cancer or breast cancer [7, 8] , but its prognostic role in hematological malignancies was still unclear. Though there were several studies published to assess the association between serum 25(OH)D levels and prognosis of patients with leukemia or lymphoma, they reported contradictory results [9] [10] [11] [12] . We thus perform a systematic review and meta-analysis aiming to comprehensively evaluate the association between serum 25(OH)D levels and prognosis of patients with hematological malignancies.
Materials and Methods

Search strategy
We searched Pubmed, Embase, Web of Science, and Google Scholar for studies evaluating the association between serum 25(OH)D levels and prognosis of patients with hematological malignancies. The time for literature search was from their inception through May 26, 2014. An updated literature was performed on November 28, 2014. We used the combination of search terms for 25(OH)D and hematological malignanceies: ("Vitamin D" or "25-hydroxyvitamin D" or "25(OH)D") and ("hematological malignancies" or "leukemia" or "lymphoma" or "myeloma"). There was no language limitation in our search. All references cited in those included studies or relevant reviews were further retrieved for other potential studies not indexed in the common databases.
Inclusion criteria
To be included into the meta-analysis, eligible studies must meet the following inclusion criteria: (1) Cohort studies evaluating the association between serum 25(OH)D levels and prognosis of patients with hematological malignancies; (2) Patients had leukemia, lymphoma, myeloma, or other hematological malignancies; (3) Report hazard ratios (HR) or risk ratios (RR) with 95% confidence intervals (95%CI) of overall survival (OS; date of treatment to date of death as a result of any cause) and relapse-free survival (RFS; date of treatment to date of first recurrence or death) according to serum 25(OH)D levels. Review articles, editorials, and case reports were not included. We also excluded studies in which no HRs or RRs were available or could be calculated for other types of data. For multiple publications from the same institution with identical or overlapping patient cohorts, only the study with the largest data set was included.
Data extraction and quality assessment
Two investigators performed the data extraction independently using a standardized sheet of Excel. For the existence of disagreements, they were resolved through consensus. The data extracted from included studies were as the following: first author, publication year, study design, patients' recruitment time, types of hematological malignancies, time of follow-up, adjusted factors, and HR estimations. We extracted the 
Statistical analysis
The HRs with 95%CIs for OS or RFS were pooled using meta-analysis, and an HR greater than 1 indicated a worse prognosis in patients with low serum 25(OH)D levels. The significance of the pooled HR was determined by the Z test, and a P value of less than 0.05 was considered statistically significant. The I 2 statistic to quantify the proportion of the total variation due to heterogeneity was used assess the heterogeneity [13] . The I 2 value ranged from 0% to 100%. An I 2 of 0 to 25% indicated no heterogeneity, 25 to 50% indicated moderate heterogeneity, 50 to 75% indicated large heterogeneity, 75to 100% indicated extreme heterogeneity [13] . If large heterogeneity or extreme heterogeneity existed, the random-effects model (DerSimonian and Laird method) was used to pool the results [14] . If no heterogeneity or moderate heterogeneity existed, the fixed-effect model (Mantel-Haenszel method) was used to pool the results [15] . To validate the credibility of outcomes in this meta-analysis, sensitivity analysis was performed by sequential omission of individual studies. Subgroup analysis was performed by types of hematological malignancies, such as leukemia and lymphoma. Potential publication bias was assessed by visual inspection of the funnel plots, and an asymmetric plot suggested risk of publication bias. Egger linear regression test was also used to assess publication bias, and a P value less than 0.05 indicated high risk of publication bias [16] . All analyses were performed using STATA version 12.0 (Stata Corp, College Station, TX, USA). A P value < 0.05 was considered statistically significant.
Results
Study characteristics
Though a total of 503 individual abstracts were identified through literature search, but only 9 studies were preliminarily included and assessed by reading full-text [9] [10] [11] [12] [17] [18] [19] [20] [21] [22] . Three studies were further excluded after reading full-text [19] [20] [21] , and seven studies were finally included into the meta-analysis [9-12, 17, 18, 22] . Those seven studies involved a total of 2,643 patients with hematological cancer [9-12, 17, 18, 22] . The main characteristics of those seven eligible studies were shown in Table 1 . All seven studies were prospective cohort studies, and were published in English [9-12, 17, 18, 22] . According to the quality criteria of NOS scale, all seven studies were high-quality studies (Table 1) . There were four studies on lymphoma [9, 10, 18, 22] , three studies on leukemia [10] [11] [12] , and one study on Table 1 .The characteristics of six cohort studies in the meta-analysis. ( §OS was for overall survival, while RFS was for relapse-free survival) [17] . All seven studies reported the adjusted HRs of OS, and four studies reported the adjusted HRs of DFS (Table 1) . Drake et al. reported the outcomes for five subtypes of lymphoma, and was extracted as five individual studies [9] . Three studies reported two different studies, and thus were extracted as two separate studies, respectively [10, 12, 17] .
25(OH)D levels and overall survival
There was no heterogeneity existing in those included studies reporting adjusted HRs of OS, and the fixed-effect model was used to pool the results (I 2 = 0%). Overall, compared with normal serum 25(OH)D levels, low serum 25(OH)D levels were significantly associated with poorer OS (HR = 1.85, 95% CI 1.54-2.23, P <0.001) in patients with hematological malignancies (Fig. 1) . Sensitivity analysis by sequential omission of individual studies didn't significantly alter the pooled HRs. Subgroup analysis showed that low serum 25(OH)D levels were significantly associated with poorer OS in both lymphoma patients (HR = 1.95, 95% CI 1.47-2.59, P <0.001, I 2 = 0%) and leukemia patients (HR = 2.17, 95% CI 1.54-3.05, P <0.001, I 2 = 0%).
Fig. 1. Low serum 25(OH)
D levels were associated with poorer overall survival in patients with hematological malignancies.
Fig. 2. Low serum 25(OH)
D levels were associated with poorer recurrence-free survival in patients with hematological malignancies.
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25(OH)D levels and relapse-free survival
There was no heterogeneity existing in those included studies reporting adjusted HRs of RFS, and the fixed-effect model was used to pool the results (I 2 = 0%). Overall, compared with normal serum 25(OH)D levels, low serum 25(OH)D levels were significantly associated with poorer RFS (HR = 1.45, 95% CI 1.25 to 1.70, P <0.001) in patients with hematological malignancies (Fig. 2) . Sensitivity analysis by sequential omission of individual studies didn't significantly alter the pooled HRs. Subgroup analysis also showed that low serum 25(OH)D levels were significantly associated with poorer RFS in both lymphoma patients (HR = 1.25, 95% CI 1.02-1.54, P = 0.036, I 2 = 0%) and leukemia patients (HR = 1.74, 95% CI 1.34-2.27, P <0.001, I 2 = 0%).
Publication bias
The shape of funnel plots in the meta-analysis relating OS and RFS did not show obvious evidence of asymmetry. The P values of Egger's test in the meta-analysis relating OS and RFS were 0.47 and 0.88, which suggested that there was no obvious risk of publication bias in the meta-analysis. Thus, there was no obvious risk of publication bias in the meta-analysis.
Discussion
In present study, we performed a systematic review and meta-analysis aiming to comprehensively evaluate the association between serum 25(OH)D levels and prognosis of patients with hematological malignancies. To the best of our knowledge, it's the first metaanalysis on the prognostic role of serum 25(OH)D levels in patients with hematological malignancies. Six studies with a total of 2,284 patients with hematological cancer were finally included into the meta-analysis [9-12, 17, 18, 22] . The findings from the meta-analysis suggest that low serum 25(OH)D levels are significantly associated with poorer prognosis in patients with hematological malignancies, including lymphoma and leukemia. Thus, the meta-analysis provides new evidence for the prognostic role of serum 25(OH)D levels in patients with hematological malignancies.
Currently, there are a number of studies published to assess the association between serum 25(OH)D levels and prognosis of patients with cancer [7, 9, 11, 12, 18, 20, 23] . The prognostic role of serum 25(OH)D levels has been found in two types of cancers including colorectal cancer and breast cancer, but its role in other types of cancers is still unclear. In present meta-analysis, our findings provide strong evidence for the prognostic role of serum 25(OH)D levels in patients with lymphoma or leukemia. Thus, the findings from the study add new evidence for the anti-cancer effects and prognostic roles of 25(OH)D in cancer patients.
It has been well accepted that vitamin D is not really a vitamin but a precursor of potent steroid hormones and has widespread actions throughout human body [24] [25] [26] [27] . The anticancer effects of vitamin D have been largely investigated in the past decade [5, 26] . Previous studies have demonstrated that 25(OH)D has important effects on cell differentiation, proliferation, and apoptosis, and thus has anti-cancer effects [5, 27] . It has also been suggested that vitamin D can inhibit the proliferation and induce the differentiation of lymphocytes and lymphoma cell lines [27] [28] [29] . Thus, there is biological evidence for the preventive effect of vitamin D against lymphoma or leukemia. Two epidemiological studies also have shown some possible adverse association between serum 25(OH)D levels and risks of leukemia or lymphoma [30, 31] .
Although epidemiological studies have suggested that vitamin D deficiency increases the risk of developing cancer and results in poor prognosis in cancer patients, there is lack of clinical trials investigating the efficacy of vitamin D supplements in improving cancer prognosis [6] . It's also still unknown whether vitamin D supplementation in patients with newly diagnosed leukemia or lymphoma and low 25(OH)D levels can lead to improved outcomes, and that needs further investigation. Considering the important and obvious prognostic role of low serum 25(OH)D levels in lymphoma and leukemia, clinical trials may be performed to evaluate the effect of vitamin D supplements on the survival of patients with lymphoma or leukemia. However, there was no evidence from clinical trials aiming to assess the effect of vitamin D supplements on survival of cancers. Further trials are needed to assess the effect of vitamin D supplements on the survival of patients with hematological malignancies.
There were several limitations to be considered when interpreting the findings from the meta-analysis. Firstly, there were only six included studies in the meta-analysis. Though we did not observe an obvious risk of publication bias in the meta-analysis, the limited number of included studies may decrease the power of funnel plot and Egger test in detecting the risk of publication bias. Thus, more prospective cohort studies are needed to validate the findings from the meta-analysis. Secondly, owing to the limited number of included studies, we didn't perform further subgroup analysis by the histological subtypes of lymphoma or leukemia. Though we fount that low serum 25(OH)D levels were significantly associated with poorer OS and RFS in patients with lymphoma and in those with leukemia, the prognostic role of serum 25(OH)D levels may not generalize to all histological subtypes of lymphoma or leukemia. Thus, more studies are needed to further assess the prognostic role of serum 25(OH)D levels in patients with different histological subtypes of lymphoma or leukemia. Finally, we were also unable to analyze the prognostic role of serum 25(OH)D levels of patients receiving different treatments. Serum 25(OH)D levels may have different prognostic roles in patients receiving different treatments, and it need future studies.
In conclusion, compared with normal serum 25(OH)D levels, low serum 25(OH)D levels are significantly associated with poorer prognosis in patients with hematological malignancies. Besides, more prospective cohort studies are needed to validate the findings from the meta-analysis. Clinical trials may also be performed to evaluate the effect of vitamin D supplements on the survival of patients with lymphoma or leukemia.
